Abstract. The microwave thermometry method for the diagnosis of breast cancer is based on an analysis of the internal temperature distribution.This paper is devoted to the construction of a mathematical model for increasing the accuracy of measuring the internal temperature of mammary glands, which are regarded as a complex combination of several components, such as fat tissue, muscle tissue, milk lobules, skin, blood flows, tumor tissue. Each of these biocomponents is determined by its own set of physical parameters. Our numerical model is designed to calculate the spatial distributions of the electric microwave field and the temperature inside the biological tissue. We compare the numerical simulations results to the real medical measurements of the internal temperature.
Introduction
The method of microwave thermometry (RTM) has become significant recently for oncological diagnostics [1, 4, 14, 15] . This method allows to conduct surveys frequently and without any harm to health [13] . The RTM is based on measuring the temperature inside the biological tissue at various points [2, 3, 5, 11] . Then the received data is subject to intellectual analysis to assist doctor with the diagnosis. Using the method of combined thermography, we consistently measure temperatures at 9 different points of the female breast [10, 11] .
Instrumental internal and surface temperatures of tissues are determined by the intensity of their thermal radiation in the microwave and infrared ranges, respectively. Body temperature distribution is an important criterion in the diagnosis of diseases [11, 13] because it characteri -zes a person's functional state. Tumors of the breast cause relatively high heat emission at an early stage, which leads to a local increase in the temperature of the tissues.
To increase the efficiency of diagnosis of oncological disease we study the results of a series of computer experiments on calculation the internal temperature in the microwave range with the radiothermometry method. An important problem of modeling biological tissues is the variability of individual physical characteristics of biological tissue of different people. We use the model that is based on the numerical integration of Maxwell's equations and heat equation for multicomponent biological tissue.
The novelty of our approach is based on multifaceted computational models that take into account the multicomponent properties of biological tissues and their complex spatial structure. As a rule, the heat sources associated with the blood flow are considered in the capillary approximation, when the heat release is evenly distributed over the volume of the tissue [8, 14] . Our model contains a branched system of blood vessels of different diameters, and the heat release is not uniform. 
Mathematical model
Computer modeling is based on the numerical solving of the heat equation for biological tissue [2, 8, 10, 14] :
where ρ is the volume density of tissue, c p (r) is the specific heat of material, T mod is the simulated temperature, Q bl is the heat source from blood vessels, Q met is the heat source from metabolic processes in biological tissues, Q rad is radiation cooling, δ is the coefficient of thermal conductivity, ∇ = ∂ ∂x , ∂ ∂y , ∂ ∂z is the nabla operator.
The intensity of heating is determined by the temperature difference between tissue T and blood T bl , and the specific heat of the blood c p,b
where ω bl is the intensity of blood flow in the heating region, which can vary over a wide range.
Heat exchange at the biological tissue boundary with the environment is defined as
where n is a unit vector normal to the surface of the female breast. The value of T air characterizes the temperature of the environment and h air is the heat transfer coefficient.
Stationary distribution of the electric field is constructed using the calculation for the establishment and solving the nonstationary Maxwell's equations:
Antenna allows to measure thermal radiation in the frequency range
Biological tissue has an inhomogeneous temperature. This method gives a weighted average temperature T int in the region V 0 [7] . The error of the method is due to the noise temperature of the receiver T noise , the mismatch effects in the antenna s(f ), the environmental effect T env .
The internal temperature is determined by the integral representation [12, 14] :
with weighting function
The value W according to the principle of reciprocity coincides with the density of the power F (W/m 3 ) and depends on the electrical conductivity of σ and electric field E inside a certain volume V . Efficiency of temperature T int measurementby a radiometer strongly depends on electromagnetic interference T noise , which requires proper shielding. The receiving antenna is the key element of the radiothermometer. An important task is to achieve a low level of mismatch s between the antenna and biotissue. The antenna should ensure a deep penetration into the biotissue. It depends on the ratio of energy from brown fat tissue to total power.
Results of computer modeling
The input data for modeling are the physical parameters of the biocomponent (Table 1) . 
Fig. 2. Comparison of the results of numerical experiments (color lines) with the data of real medical measurements (+)
The T mod calculation is performed using the Comsol Multiphysics version 4.3 a [6] . The E calculation is performed using the CST Microwave Studio simulation package [9] . Calculation of the deep temperature is carried out with the mathematical package Scilab. The mechanism of adaptation of a living organism to environmental conditions deserves special attention. Physiological adaptation is associated with the regulation of the physiological functions of the organism. Thermoregulation is the ability of living organisms to maintain the temperature of their body at a constant level or to change it within certain limits.
We measure 20 patients for 25 minutes with an interval of 5 minutes. Most medical measurements have fully confirmed the thermoregulation process. We found a trend. The temperature starts to increase from 20th minute after the decrease. We consider this process in our model. The amount of heat that gives blood streams to biological tissues increases from 20th minute. with the results of medical measurements (Fig. 2) . We use the patient data for the left breast cancer at the point 0 [10] . As we see, the results of the numerical experiment are consistent with the data of medical measurements.
We constructed temperature maps for the model with a tumor based on the results of numerical experiment (Fig. 3) . Strong asymmetric temperature in regions with and without a tumor is observed on the basis of this temperature map [8, 11] .
We carried out the computational experiments to study the dependence of temperature fields on the presence of tumor tissue in a mammary gland. Malignant neoplasms, especially in the early stages of development, have an extremely high heat release, with respect to the remaining biological components. We examined tumors of different diameters (D = 2 sm,
We obtained the following results (Fig. 4) . The radius of a tumor affects the temperature background inside the volume of mammary gland. The average temperature is higher, the larger the radius of the tumor. This is the main problem of diagnosis: detection of cancer at an early stage (R < 0.5). A tumor of this size is difficult to detect with modern diagnostic methods. 
Conclusion
We developed the models for carrying out computational experiments. Our models take into account the complex structure of biotissue.
We conducted a series of computational experiments on modeling the electric field and thermodynamic temperature in the tissues of a breast. Numerical modeling of deep temperature gives an agreement with the data of medical measurements, which takes into account the multicomponent and inhomogenety of physical parameters.
Research in this area will greatly help to study and describe the physical processes in living organisms and the influence of physical processes on medical measurements. In our case, computer simulation allows us to estimate the error of the RTM method.
